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(54) LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a lithium secondary battery available at a low cost and 
having high lithium occulusion and emission, high charge and discharge capacity, and a low 
decrease in charging and discharging capacity in a charging and discharging cycle when charged 
and discharged particularly with large charging and discharging current. 

SOLUTION: In the lithium secondary battery having a negative electrode consisting of a 
carbonaceous material occuluding and emitting a lithium ion, a positive electrode, and a 
nonaqueous electrolytic solution, the carbonaceous material uses a carbonaceous material 
containing two kinds of more of graphite particles having different bulk specific gravity. 



CLAIMS 



[Claim(s)] 

[Claim l] The lithium secondary battery characterized by said carbonaceous object containing two 
or more sorts of graphite particles from which bulk specific gravity differs in the negative 
electrode and positive electrode which consist a lithixim ion of occlusion and a carbonaceous object 
to emit, and the lithium secondary battery which has nonaqueous electrolyte. 
[Claim 2] The lithiiun secondary battery according to claim 1 with which a carbonaceous object 
consists of a graphite particle which has bulk specific gravity in the range of 0.4 0.65, and a 
graphite particle which has bulk specific gravity in the range of 0.85*1.30. 

[Claim 3] The lithium secondary battery according to claim 2 whose bulk specific gravity is the 
range of 0.85- 1.30 and whose distance d(002) between layers of the crystal of the graphite particle 
0.338nm or less and the microcrystal size Lc of C shaft orientations (002) is 50nm or more and 
mean particle diameter is 10-100 micrometers and specific surface area is 0.3-2.0m2/g and the 
structure of this graphite particle of an aspect ratio of the range is 1.1-5 , and two or more of the 
graphite particle which gather, or joins together, and becomes about a flat-like particle. 



[Claim 4] The lithium secondary battery according to claim 2 which is the graphite particle 
mannfactvired by the manxifactnring method in which bulk specific gravity has the process at 
which the graphite particle of the range of 0.85- 1.30 graphitizes the process which mixes the 
aggregate and the binder which can be graphitized which can be graphitized at least, the process 
which calcinates this mixture at 500-2000 the process which grinds this baking object in mean 
particle diameter of 10-100 micrometers, and this grinding object above 2500 "C. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the lithium secondary battery 
excellent in charge and -discharge capacity the rapid charge and discharge property, and the cycle 
property about a lithium secondary battery. 
[0002] 

[Description of the Prior Art] In recent years, small and the requests to the rechargeable battery 
which is lightweight and has a high energy consistency are mounting as a portable device, an 
electric vehicle, and an object for stationary energy storage. The nonaqueous electolyte 
rechargeable battery, especially the lithium secondary battery attract attention to such a request 
as cells which especially have a high voltage and a high energy consistency. 
[0003] As a negative-electrode ingredient of a lithium secondary battery, the metal lithium, the 
low graphitized-carbon particle, and the high graphitized-carbon particle are used. Although a 
metal Uthium can realize high charge -and-discharge capacity, for [ the ] high reactivity, with 
progress of a charge and discharge cycle, it reacts with the solvent in the electrolytic solution, and 
capacity falls. Moreover, it is easy to generate the metal lithium of arborescence, and the 
separator formed between forward and a negative electrode is penetrated, and it has the trouble 
of being easy to cause a short circuit. Although an arborescence metal lithium with low reactivity 
with the electrolytic solution generates the nature ingredient of low graphitized carbon and it has 
the description of ******, it is not attained that charge and discharge capacity has low the 
difficulty that the charge and -discharge capacity per volume is low since true density is low, and 
it generally realizes the rechargeable battery of a high energy consistency. On the other hand, 
since a high graphitized-carbon particle has a high charge-and-discharge capacity as compared 
with a low graphitized-carbon particle, reactivity with the electrolytic solution and an 
arborescence metal lithium generate it as compared with a metal lithium and it has the 
description of ******, examination is briskly made increasingly as a charge of negative -electrode 
material in recent years. 

[0004] The nature particle of an artificial graphite manufactured by carbonizing and graphitizing 
the natural graphite base particle and corks which were high-grade ized, a pitch, or synthetic 
organic polymeric materials as a high graphitized-carbon particle is used. By these nature 
particles of high graphitized carbon, since the graphite crystal has developed into altitude, the 
configuration is carrying out the shape of a big scale of an aspect ratio. For this reason, when it 
kneaded with the binder, it applied to the charge collector and an electrode is produced, A 
scale-like graphite particle carries out orientation to high density in the direction of a field of a 
charge collector. The result. The permeability of the electrolytic solution into a negative -electrode 



layer gets worse, and since a particle tends to exfoliate by distortion of the thickness direction 
which charge-and-discharge capacity generates by the repeat of the occlusion and emission of the 
lithium to the graphite particle to which a fall and a high speed charge and discharge property 
fall, problems, like a cycle property is bad occur. On the other hand, in order to avoid die above 
problems, if the consistency of the graphite particle in an electrode is reduced, the problem that 
the charge -and-discharge capacity per volume falls will occur. 

[0005] The improvement of the property of a high graphitization particle is tried as the technique 
of solving such a problem, on the JP,2637305,B specifications, the mesophase microsphere 
extracted from the mesophase pitch was graphitized, and it was obtained -- spherical the 
orientation of a detailed organization ■- a radial or the graphitization particle of a Brooks-Taylor 
mold " And although it has proposed that the orientation of a detailed organization uses the 
carbon fiber of a lamellae mold or a Brooks-Taylor mold Since charge-and-discharge capacity of 
the former is comparatively as low as 280 - 300 mAh/g and the process of the extract from a 
mesophase pitch and separation is required for it, it is quantity cost, and the densification of an 
electrode will penetrate a separator, if difficulty and continuous glass fiber are intermingled, and 
the latter has the problem that a short circuit tends to take place. Although the particle to which 
the graphite microcrystal ground and manufactured carried out orientation of the high density 
graphite Plastic solid produced considering the aggregate and binding material as a start raw 
material to JP,7-335216,A at random is proposed, the manufacture approach of the Plastic solid 
using a cold- iso static -pressing method is lacking in productivity. As an approach of pulverizing 
the graphitized Plastic solid and obtaining a graphite particle, the approach indicated by the 
re-official announcement patent WO 95/No. 28011 official report and JP,9-231974,Ain addition to 
this is mentioned. Bulk density is high intensity highly, and since the graphite crystal is carrying 
out orientation of each graphite powder which pulverizes these graphitization Plastic sohds and is 
obtained at random within the particle, it is an effective means at the point that the opening 
between the particles which the orientation of the graphite crystal on a charge collector is 
controlled, and the electrolytic solution can permeate is secured. However, that a particle is high 
bulk specific gravity, i.e., the substantia compacta, controls osmosis of the electrolytic solution 
into a particle shortly, and it has become the cause of making improvement in a rapid 
charge-and-discharge property producing a limitation. As an approach of solving this problem, 
artificers set to JP, 10- 158005, A etc., are the graphite particles which the flat- like graphite particle 
gathered or combined with two or more each other being un-parallel, and proposed the graphite 
particle which has the pore of 0,4 - 2,0 cc/g in the range of 0.1-100 micrometers. Although such a 
graphite particle shows the extremely excellent rapid charge-and-discharge property since 
osmosis of the electrolytic solution inside [ which was the technical problem of a graphite particle 
whenever / upper high bulk density ] a particle is realized, there is a problem on which a 
charge-and-discharge cycle property deteriorates that that it is a low bidk density particle tends 
to generate deformation of a graphite particle and the orientation as the result depending on an 
electrode process condition shortly, and the working condition of negative -electrode production 
was limited. 

[0006] The technique which mixes and uses a high graphitized-carbon particle and other 
ingredients is proposed. Although preventing exfoliation of the particle by the repeat of charge 
and discharge by combining a spherical graphite carbon particle and a spherical carbon fiber is 
proposed in JP, 4- 237971, A, reference is not made about the high graphitized-carbon particle 
except spherical. Although preventing the rapid voltage drop of the discharge last stage, and 



making the terminal point judging of cell capacity easy by using the mixture of a high 
graphitized carbon particle and a low graphitized carbon particle is proposed in JP,6-36760,A 
Since reference is not made about the orientation to the direction of current collection dignity of a 
high graphitization particle, and discharge voltage falls when there are many additions of a low 
graphitized-carbon particle, the upper limit 30 capacity % is prepared in the addition. Although 
[ JP,6- 111818, A] have proposed combining a nodular graphite carbonizing elementary particle 
and a graphitized-carbon staple fiber, electrode reinforcement is made to increase and an 
improvement of the rapid charge and discharge property by control of destruction of the electrode 
layer accompanying a charge and-discharge cycle and the conductive improvement in the 
electrode layer by the staple fiber can be aimed at Since the reference about high 
graphitized-carbon particles other than a nodular graphite carbonizing elementary particle is not 
made, and an electrode consistency falls when there are many additions of a graphitized-carbon 
staple fiber, and the charge -and discharge capacity per volume falls, the upper limit 30 capacity % 
is prepared in the addition of a graphitized carbon staple fiber. Although high intensity-izing an 
electrode and preventing exfoliation of a particle by combining an inactive metallic-coating 
whisker with the nature particle of nodular graphite chemically and electrochemically is proposed 
in JP,6-302315,A, in order for there to be no reference about the graphite particle except spherical 
and not to contribute to charge and discharge at the whisker to add, when there are many 
additions, it is in ** that the fall of charge-and-discharge capacity occurs. By adding the nature 
particle of nodular graphite, the nature particle of non nodular graphite which has the mean 
particle diameter of the ratio of 1.3-4.0 to the mean particle diameter of this spherical particle, 
and a carbon fiber grinding object to JP,8- 180864, A, there is a publication of the purport by which 
the electronic conduction nature in an electrode improves and a charge-and-discharge cycle 
property is improved. It is mentioned that a non- spherical particle (an artificial graphite, natural 
graphite) turns to various directions, and exists between the nature particles of nodular graphite 
in this. Although it is shown that existence of the nature particle of nodular graphite has 
effectiveness [ controlling the orientation to the direction of current collection dignity of the 
above-mentioned scale-like graphite particle ], it is necessary to control the particle diameter of a 
spherical particle and a non spherical particle to a precision, and there is a problem in respect of 
productivity. There is a publication of the purport in which it is high-density and a graphite 
crystal carries out orientation in the direction of current collection dignity and by which 
exfoliation of the particle from the charge collector accompanying ****** and 
charge -and discharge cycle progress is controlled by adding the carbon fiber powder graphitized 
to the letter of a block, the shape of a flake, the granular artificial graphite, or the natural 
graphite base particle to JP,8-83608,Aand JP,8-83609,A. However, the graphitized carbon fiber 
powder addition of this effectiveness being acquired is to 20 % of the weight, and it is mentioned 
more than by this that the electrode engine performance falls. 

[0007] since particle shape differ greatly when it especially have the problem , respectively and 
combine with graphitized carbon fiber in the mixed stock of the nature particle of high 
graphitized carbon showed above , and other ingredients , there be a common problem that it be 
difficult to mix to homogeneity and manufacture of the lithium secondary battery which the part 
beyond the upper limit of the addition which be show in each patent public presentation official 
report for this reason might generated , and be stabilized be difficult . Moreover, as the system 
containing the nature particle of nodular graphite which graphitized the mesophase microsphere 
and was obtained was described in the top, the charge-and-discharge capacity of this nature 



particle of nodular graphite is comparatively low, and it has the trouble of being high cost. 
[0008] 

[Problem(s) to be Solved by the Invention] The purpose of this invention has many occlusion and 
burst sizes of the Uthium at the time of performing charge and discharge by the high charge and 
discharge current especially, and its charge-and*discharge capacity is large, and obtaining few 
Lithium secondary batteries by low cost has tlie fall of the charge-and-discharge capacity by the 
charge and-discharge cycle. 
[0009] 

[Means for Solving the Problem] This invention relates to the lithium secondary battery 
characterized by said carbonaceous object containing two or more graphite particles from which 
bxilk specific gravity differs in the negative electrode and positive electrode which consist a 
lithium ion of occlusion and a carbonaceous object to emit, and the lithium secondary battery 
which has nonaqueous electrolyte. 

[0010] This invention relates to said lithium secondary battery which consists of a graphite 
particle to which said carbonaceous object has bulk specific gravity in the range of 0.4-0.65, and a 
graphite particle which has bulk specific gravity in the range of 0.85- 1.30 again. 
[0011] The distance d(002) between layers of the crystal of the graphite particle is of the range of 
0.338nm or less and, as for this invention, the microcrystal size Lc (002) of C shaft orientations is 
50nm or more is related [ said bulk specific gravity 0.85-1.30 / the distance and specific surface 
area 0.3-2. Om^/g and an aspect ratio 1.1-5,] with said lithium secondary battery whose structure 
of this graphite particle is the graphite particle which gather, or joins together, and becomes about 
a flat- like particle by and mean particle diameter 10- 100 micrometers again. [ two or more ] 
[0012] This invention relates to said lithium secondary battery which is the graphite particle firom 
which said bulk specific gravity was manufactured again by the manufacturing method which has 
the process at which the graphite particle of the range of 0.85-1.30 graphitizes the process which 
mixes the aggregate which can be graphitized at least, and the binder which can be graphitized, 
the process which calcinates this mixture at 500-2000 "C, the process which grinds this baking 
object in mean particle diameter of 10-100 micrometers, and this grinding object above 2500 "C. 
[0013] 

[Embodiment of the Invention] This invention is explained in full detail below. 
[0014] The carbonaceous object for negative electrodes used by this invention consists of two or 
more graphite particles from which bulk specific gravity differs. The bulk specific gravity 
described here is JIS. It is the value measured by the approach indicated by K-1469. When the 
small graphite particle of one kind of bulk specific gravity is used, depending on the production 
conditions of an electrode, a particle deforms superfluously, it is easy to carry out orientation of 
the graphite crystal in the direction of a field of a charge collector, a cycle property and a rapid 
charge-and-discharge property deteriorate, and charge-and-discharge capacity tends to fall. On 
the other hand, when one kind of bulk specific gravity uses a large graphite particle, osmosis of 
the electrolytic solution into a particle is inadequate, and a rapid charge-and discharge property 
falls. As for at least one, as a graphite particle which constitutes the carbonaceous ingredient for 
negative electrodes, it is desirable that the graphite particle which has bulk specific gravity in the 
range of 0.4 0.65 is included, and it is desirable to use together the graphite particle in the range 
of 0.4-0.65 and the graphite particle which has bulk specific gravity in the range of 0.85-1.30. 
when the bulk specific gravity of the former graphite particle is less than the minimum, there is 
an inclination for the viscosity of the slurry used for electrode production to become high, and it is 



necessary to make [ many ] a binder addition ■ etx:. - it is not desirable from a reason. On the 
other hand, when the bulk specific gravity of the former graphite particle exceeds the upper limit, 
there is an inclination for a rapid charge and discharge property to fall. When the bulk specific 
gravity of the latter graphite particle is less than the minimum, superfluous deformation of the 
graphite particle by electrode production conditions tends to take place, and there is an 
inclination for a cycle property and a rapid charge-and-discharge property to fall. When the latter 
bulk specific gravity exceeds the upper limit, there is an inclination for a rapid 
charge-and-discharge property to fall. About the compounding ratio of two or more graphite 
particles from which bulk specific gravity differs, it does not restrict especially by this invention, 
but although chosen to compensate for the design of a lithium secondary battery made into tiie 
purpose, the latter is preferably used for the former five to 60% of the weight 40 to 95% of the 
weight. 

[0015] As for which lattice spacing d (002), microcrystal size Lc of C shaft orientations (002), and 
true density of a field (002) of two or more graphite particles from which the bulk specific gravity 
which constitutes a negative electrode differs, it is desirable respectively to consider as 0.338nm 
or less, 50nm or more, and three or more 2.21 g/cm. They may be 0.335-0.338nm and 60nm or 
more respectively more preferably. An almost equal thing is suitable for each 
charge-and-discharge capacity, it considers as 330 or more mAh/g more preferably, and 300 or 
more mAh/g of the difference between graphite particles is further made into 5% or less more 
preferably 10% or less. The effectiveness which combined two or more sorts of graphite particles 
from which bulk specific gravity differs, without accompanying this by change (fall) of 
charge-and-discharge capacity can be acquired. Moreover, as for the graphite particle of the range 
of 0.4-0.65, it is desirable to have pore in the range of 0.01-100 micrometers in which bulk specific 
gravity is measured with a method of mercury penetration, and the value has the desirable range 
of 0.4 cc/g-2,0cc/g. Moreover, an almost equal thing is suitable for the configuration of two or more 
graphite particles where the bulk specific gravity which constitutes a negative electrode differs, 
and aspect ratios are 1.1-5 preferably. When this constitutes a negative electrode combining two 
or more sorts of graphite particles from which bulk specific gravity differs, uniform distribution of 
these graphite particles is realized easily, and a good Uthium secondary battery with little 
dispersion can be obtained. Furthermore, it is related with the specific surface area of two or more 
graphite particles from which the bulk specific gravity which constitutes a negative electrode 
differs. Bulk specific gravity is 2.0-5. 0m2/g by the graphite particle of the range of 0.4-0.65. It is 
desirable that bulk specific gravity considers as the range of 0.3-2.0m2/g by the graphite particle 
of the range of 0.85- 1.30 on the other hand. Change of the viscosity of the mixture of the graphite 
particle, binder, and solvent which are used in case it is not accompanied by the increment in 
irreversible capacity even if it produces a negative electrode combining two or more sorts of 
graphite particles from which bulk specific gravity differs by this, and a negative electrode is 
produced can be made into the minimum. Furthermore, it is desirable that it is the graphite 
particle which is related with the particulate structure of two or more sorts of graphite particles 
from which the bulk specific gravity which constitutes a negative electrode differs, gather, or joins 
together, and becomes about a flat-like particle. [ two or more ] In this invention, a flat like 
particle is a particle of a configuration which has a major axis and a minor axis, and a perfect not 
spherical thing is said. For example, the thing of configurations, such as the shape of a lepidic 
form and a scale and massive [ a part of], is contained in this. Although the condition that the 
particle with mutual association has joined together chemically through the carbon which 



carbonized binders, such as tar and a pitch, is said although it set to this graphite particle and the 
flat- like particle is gathered or combined, and the mutual particle has not combined the set 
chemically, it originates in that configuration and the condition of maintaining the configuration 
as that aggregate is said. From the field of mechanical reinforcement, a united thing is desirable. 
Moreover, it is desirable that the graphite particle gathered or combined so that the orientation 
side of a flat-like particle may become un-parallel as a condition of the set of the particle of the 
shape of flat [ of a graphite particle ] or association is included. Here, the orientation side of a 
flat-like particle says the field and the condition of having gathered without the particle of the 
shape of flat [ two or more ] gathering each orientation side in the fixed direction by making the 
field nearest to [flatl and others into an orientation side if it puts in another way which carried 
out flat of having being un-parallel in the configuration of each particle. 

[0016] By making structure of a graphite particle like [ the above ], it becomes possible to raise 
more the rapid charge -and-discharge property and cycle property of a lithium secondary battery 
to produce, 

[0017] Among the graphite particles used for the negative electrode of the lithium secondary 
battery characterized by including two or more sorts of graphite particles from which the bulk 
specific gravity of this invention differs, it is ground and manufactured, after adding a 
graphitization catalyst one to 50% of the weight to the binder which bulk specific gravity 
graphitizes [ the aggregate or the graphite which can graphitize the graphite particle of the range 
of 0.4-0.65, and ], mixing and calcinating and graphitizing. As the aggregate which can be 
graphitized, various corks, such as fluid coke and needle coke, are usable. Moreover, the already 
graphitized aggregates, such as a natural graphite and an artificial graphite, may be used. As a 
binder which can be graphitized, a coal system, a petroleum system, the various pitches of 
artificial **, and tar are usable. As a graphitization catalyst,' iron, nickel, titanium, boron, silicon, 
etc. have these oxides, carbide, an usable nitride, etc. A graphitization catalyst is added one to 
50% of the weight to the aggregate or the graphite which can be graphitized, and the binder which 
can be graphitized. The compounding ratio of the aggregate which can be graphitized or a 
graphite, the binder which can be graphitized, and a graphitization catalyst is the graphite 
particle made into the purpose, especially is chosen according to pore volume. Furthermore, about 
a graphitization catalyst, development of the crystal of a graphite particle worsens that the 
addition is less than 1 % of the weight, and charge-and-discharge capacity falls. On the other 
hand, since it becomes difficult to mix to homogeneity if it exceeds 50 % of the weight and 
dispersion in aggravation of workability and the property of the graphite particle obtained 
becomes large, it is not desirable, 

[0018] It graphitizes by adding a graphitization catalyst one to 50% of the weight to the aggregate 
which can be graphitized, or the binder which can be graphitized, mixing to it, and calcinating to 
it. Before baking, said mixture may be fabricated in a suitable form if needed. As for baking, it is 
desirable to carry out in the ambient atmosphere in which said mixture cannot oxidize easily, for 
example, the approach of calcinating in nitrogen-gas-atmosphere mind, argon gas, and a vacuum 
is mentioned. The temperature of graphitization has desirable 2000 "C or more, it is more 
desirable that it is 2500X^ or more, and it is still more desirable that it is 2800 or more. If 
graphitization temperature is low, while development of the crystal of a graphite will worsen, it 
becomes easy to remain to the graphite particle which the graphitization catalyst produced, and is 
in the inclination for charge-and-discharge capacity to fall in any case. 
[0019] Next, the obtained graphitization object is ground. Although a limit is not prepared 



especially about tJie grinding approach of a graphitization object, it can use combining known 
approaches and these plurality, such as a jet mill, a vibration mill, a pin mill, and a hammer mill. 
The particle diameter after grinding has desirable 100 micrometers or less, and its 50 
micrometers or less are still more desirable. When too large, irregularity becomes easy to be made 
by mean particle diameter in the produced electrode surface. Furthermore, when producing the 
negative electrode which consists of graphite particles from which two or more sorts of pore 
volvime differs, mean particle diameter may be set up corresponding to the particle diameter of 
the graphite particle to combine. 

[0020] Although the obtained graphite particle is usable as carbonaceous material for negative 
electrodes which consists of a graphite particle from which two or more sorts of umbrellas differ 
as it is, you may heat treat at the temperature of 400 *C or more in a non-oxidizing atmosphere 
further. Specific sxurface area can be reduced below to 3m2/g by this processing, and the safety and 
irreversible capacity of a lithium secondary battery are improved. As a non-oxidizing atmosphere, 
nitrogen-gas-atmosphere mind, an argon ambient atmosphere, a vacuum, etc. are mentioned, for 
example. 

[0021] The inside of the graphite particle used for the negative electrode of the lithium secondary 
battery characterized by including two or more sorts of graphite particles from which the bulk 
specific gravity of this invention differs, Bulk specific gravity the graphite particle of the range of 
0.85-1.30 The process which mixes the binder which can be graphitized with the aggregate or the 
graphite which can be graphitized at least, It is desirable to be manufactured by the manufacture 
approach of having the process which calcinates this mixture at 500 2000 "C, the process which 
grinds this baking object in mean particle diameter of 10-100 micrometers, and the process which 
graphitizes this grinding object above 2500 "C. 

[0022] It becomes possible to produce the graphite particle which the aspect ratio of the carbon 
powder obtained can be made small, and combined [ combine together and more than one 
gathered / particle ] the flat like particle by mixing the aggregate and the binder which can be 
graphitized which can be graphitized. The rapid charge-and discharge property and cycle 
property of a lithium secondary battery which are produced as a result can be raised. As the 
aggregate which can be graphitized, for example resinous coal ghost powder, graphite powder, etc. 
are mentioned in the end of a coke breeze, it is the point of charge-and-discharge capacity and a 
rapid charge-and-discharge property, and it is desirable to come to contain the end of a coke 
breeze, and if it comes to contain needle coke powder, it is more desirable. Moreover, the powder 
whose mean particle diameter is 1-80 micrometers is desirable, and the aggregate is more 
desirable if it is 1-60 micrometers, and if it is 5 40 micrometers, it is still more desirable. 
[0023] As a binder which can be graphitized, organic system ingredients, such as thermosetting 
resin besides a pitch and tar and thermoplastics, are mentioned. When a pitch is used, for 
example, the 10 • 100 weight section is desirable to the aggregate 100 weight section which can be 
graphitized, if it is 10 • 70 weight section, it is more desirable, and although it changes with the 
actual carbon ratios and binding capacity of a binder to be used as an addition of the binder which 
can be graphitized, it is still more desirable if it is 10 ■ 50 weight section. 
[0024] Moreover, a graphitization catalyst may be added in case the aggregate and the binder 
which can be graphitized which can be graphitized are mixed. The discharge capacity of the 
lithium secondary battery with which the crystal of the graphite particle obtained by adding a 
graphitization catalyst tends to progress, and can become can be raised. As a graphitization 
catalyst, a metal, an oxide, or carbide, such as Ti, Si, Fe, nickel, and B, is desirable. As for a 



graphitization catalyst, it is desirable to add, in case a binder is mixed with the aggregate, and to 
mix to coincidence. Its 0 ■ 10 or less % of the weight is desirable, and if the addition of a 
graphitization catalyst is 0 - 5 or less % of the weight, it is more desirable. If the addition of a 
graphitization catalyst increases, while discharge capacity can make it increase, there is a 
problem to which specific surface area is large and bulk density falls. 

[0025] As for the temperature to mix, it is desirable that it is the temperature in which the binder 
which can be graphitized carries out softening fusion, and although the temperature changes with 
ingredients to be used, the range of 50-350 is desirable. Moreover, with a solvent etc., when 
using as a solution the binder which can be graphitized, it may be mixed in ordinary temperature. 
As a binder which can be graphitized, organic system ingredients, such as thermosetting resin 
besides being a pitch, tar, etc. and thermoplastics, are mentioned. 

[0026] Subsequently, as for the mixture which mixed the aggregate and the binder which can be 
graphitized which can be graphitized, it is desirable to calcinate at 500-2000 X^, to grind this 
baking object further, to adjust mean particle diameter to 10- 100 micrometers, and to graphitize 
this grinding object at the temperature of 2500 °Cor more further. 

[0027] Its 500-1500 °C are desirable, and if the burning temperature before grinding is 
700-1500 "C, it is more desirable. When the burning temperature before grinding exceeds 
2000 "C, the btdk density of the graphite particle obtained is low, specific surface area is large, 
and there is a problem to which an aspect ratio becomes large. Moreover, there is a problem which 
it is easy to become insufficient [ less than 500 °C ] carbonizing [ of the added binder which can 
be graphitized ] the burning temperatvire before grinding, consequently particles combine after 
grinding / graphitization. 

[0028] There is especially no limit as the approach of grinding, for example, impact crushing 
methods, such as a jet mill, a hammer mill, and a pin mill, can be taken. It is more desirable to 
grind before graphitization, to adjust grain size and not to grind after graphitization in this 
invention, in respect of specific surface area, bulk density, and an aspect ratio. 
[0029] Although especially a limit does not have the approach of graphitization, it is desirable to 
carry out at the temperature of 2500 *C or more for example, by the self volatiUty gas ambient 
atmosphere, nitrogen-gas-atmosphere mind, the argon ambient atmosphere, and the vacuum 
middle class in respect of the crystallinity of the graphite particle obtained, and discharge 
capacity. Graphitization temperature is more desirable if it is 2700 *C or more, if it is 2900 *C, it 
is still more desirable, and especially if it is 3000 *C or more, it is desirable. It is desirable that it 
is 3200 °C or less as an upper limit of graphitization temperature. 

[0030] Next, the manufacture approach of the lithium secondary battery of this invention is 
explained. A negative electrode can be manufactured by well-known approaches, such as carrying 
out pressurization formation, or pasting using an organic solvent etc. and carrying out a 
spreading desiccation press on a charge collector, after mixing to homogeneity two or more sorts 
from which bulk specific gravity differs of graphite particles, and the organic system binder for 
binding graphite particles. As an organic system binder, polyethylene, polypropylene, an ethylene 
propylene polymer, butadiene rubber, styrene butadiene rubber, and the big high molecular 
compound of ion conductivity can be used, for example. As an ion conductive polymer compound, 
polyvinylidene fluoride, polyethylene oxide, the poly epichlorohydrin compounds, poly 
phosphazene, polyacrylonitrile, etc. can be used. As for the content of an organic system binder, it 
is desirable to consider as 3 - 20 % of the weight to the mixture of a graphite particle and an 
organic system binder. 



[003 1] The negative electrode for lithium secondary batteries which consists of two or more sorts 
of graphite particles from which the bulk specific gravity of this invention differs constitutes a 
lithium secondary battery combining the positive electrode constituted from an active material 
containing the lithium in which charge and discharge are possible. It is the transition-metals 
oxide which contains the lithium expressed with LixMyOz (at least a kind of metal chosen from 
M=V, and Mn, Fe, Co and nickel here, x=0.05-1.2, y= 1 or 2, z=1.5-5) as positive active material 
used here. Moreover, alkaU metal other than a lithium, alkaline earth metal, transition metals 
other than Above M, the periodic table 13 - 15 group element (aluminum, Ga, In, Si, germanium, 
Sn, Pb, Sb, Bi, P, B), etc. may be included in these. Moreover, high molecular compounds, such as 
inorganic compounds, such as Mn02, MnOa, V2O5, Ti02, TiS2 and FeS, and activated carbon, and 
the poly aniline, etc. can also be further chosen as a positive electrode as an active material. In 
this case, it can also be used, carrying out occlusion of the lithium of the specified quantity to a 
negative electrode, or making the lithium of the specified quantity stick by pressure beforehand. 
[0032] As a nonaqueous electolyte used for the lithium secondary battery equipped with the 
negative electrode which consists of two or more sorts of graphite particles from which the bulk 
specific gravity of this invention differs, the solution made to dissolve lithium salt in the organic 
solvent of a high dielectric constant is desirable. There is especially no limit about lithium salt, 
and LiC104, LiPFe, LiBF4, LiCFsSOa, etc. can be used. Moreover, an organic solvent dissolves 
lithium salt and should just have stability electrochemically to the negative electrode and 
positive -electrode material which gives and constitutes stability electrochemically. For example, 
such mixture, such as ethylene carbonate, propylene carbonate, dimethyl carbonate, diethyl 
carbonate, 1, 2 dimethoxyethane, a tetrahydrofuran, an acetonitrile, a sulfolane, and y 
•butyrolactone, is used. 

[0033] It is desirable to use combining the charge collector which has the separator which has the 
function in which the contact of two poles other than a positive electrode, a negative electrode, 
and a nonaqueous electolyte is prevented, and the electrolytic solution is held in the lithium 
secondary battery equipped with the negative electrode which consists of two or more sorts of 
graphite particles from which the bulk specific gravity of this invention differs, and a lithium ion 
can be passed, and the function which holds electrode material and collects a current. As a 
separator, porosity films and nonwoven fabrics, such as polyethylene, polypropylene, or 
polytetrafluoroethylene, textile fabrics, etc. are mentioned, for example. The thickness of a 
separator has desirable about 20-200 micrometers. Moreover, the conductor which has stability 
electrochemically to the active material of a positive electrode and a negative electrode as a 
charge collector can be used. For example, nickel, titanium, stainless steel, copper, and aluminum 
are mentioned. Moreover, the lithium secondary battery equipped with the negative electrode 
which consists of two or more sorts of graphite particles from which the pore volume of the range 
of 0.01-100 micrometers measxired with the method of mercury penetration of this invention 
differs can be made into various configurations, such as cylindrical, a core box, a coin mold, a 
carbon button mold, a paper mold, and a card mold. 

[0034] Although the graphite particle which flat particles are plurality and a graphite particle 
mutually gathered or combined with being un-parallel, and has bulk specific gravity in the range 
of 0.4-0.65 has the outstanding rapid charge-and-discharge property and the outstanding cycle 
property in the condition that there is no superfluous deformation of a particle When it originates 
in negative -electrode production conditions and superfluous deformation of a particle arises, in 
order that it may be easy to carry out orientation of the flat particle in parallel with current 



collection dignity and the openings in a particle and between a particle may also decrease in 
number, the dope of a lithium ion and a dedope are hard coming to happen, and a rapid 
charge and discharge property and a cycle property fall. If the graphite particle which has the 
bulk specific gravity of the range of 0.85-1.30 to the above-mentioned graphite particle is added, 
since this graphite particle is the substantia compacta comparatively, superfluous deformation of 
the above-mentioned graphite particle will be controlled, and a rapid charge-and-discharge 
property and a cycle property will be improved as the result. Moreover, since this graphite particle 
has charge-and-discharge capacity with high itself and has pore in the particle, its rapid 
charge-and-discharge property is comparatively good, since it is further similar with the 
above-mentioned graphite particle also about properties, such as a configuration and true density, 
and uniform mixing can be realized easily, it is stabilized and it can produce the lithium 
secondary battery of a high charge-and-discharge capacity. 
[0035] 

[Example] Although the example and its example of a comparison of this invention are shown and 
the effectiveness is explained concretely hereafter, this invention is not restricted to the following 
example. 

[0036] example 1 (production of litldum secondary battery) drawing 1 -■ some cylindrical lithium 
secondary batteries " a cross-section front view being shown *• 7 -- a positive electrode and 8 -- 
for a positive -electrode tab and 11, as for a positive-electrode lid and 13, a negative electrode tab 
and 12 are [ a negative electrode and 9 / a separator and 10 / a cell can and 14 ] gaskets. The 
lithium secondary battery shown in drawing 1 is the following, and was made and produced. 
[0037] (Production of a positive electrode) the scale like natural-graphite 7 weight section whose 
mean particle diameter is 1 micrometer as an electric conduction agent at the LiCo02 88 weight 
section as positive active material, and the polyvinylidene fluoride 5 weight section addition as a 
binder carrying out -- this -- a N- methyl* 2 -pyrrolidone adding -- mixing •- a positive electrode 
the slurry of a mixture was prepared, subsequently, this positive electrode ■- to the aluminium 
foil (25 micrometers in thickness) as a positive electrode charge collector, it applied to both sides, 
the mixture was dried with the doctor blade method, and, subsequently pressing of the electrode 
was carried out with the roller press. It started by width efface of 40mm in the magnitude whose 
die length is 285mm, and the positive electrode 7 was produced, however, a part with a die length 
[ of the both ends of a positive electrode 7 ] of 10mm -• a positive electrode a mixture was not 
applied, but aluminium foil was exposed, and the positive -electrode tab 10 was stuck to one of 
these by pressure by ultrasonic association. 
[0038] (Production of a graphite particle) 

(l) The 100 weight sections, the tar pitch 40 weight section, the silicon carbide 14 weight section 
whose mean particle diameter is 48 micrometers, and the coal tar 20 weight section were mixed, 
and it mixed at 200 *C for 1 hovir in the end of a coke breeze whose mean diameter is 5 
micrometers. The obtained mixture was ground and pressing was carried out to the pellet type, 
and subsequently, among nitrogen-gas-atmosphere mind, to 900 °C, it heated, and using the 
Atchison furnace, it ranks second and graphitized [ the temperature up was carried out and ] to 
3000 °C. The graphite particle through and whose mean particle diameter are 20 micrometers 
about grinding and the screen of 200 meshes of openings using a hammer mill in the obtained 
graphitization object was produced. The bulk specific gravity of this graphite particle was 0.56. 
Moreover, the specific surface area by the BET adsorption method was 3.6m2/g. As a residt of 
performing pore-volume-distribution measurement by the method of mercury penetration about 



the obtained graphite particle, it had pore in the range of 0.01100 micrometers, and total pore 
volume was 0.9cc/g. Moreover, as a result of selecting the obtained graphite particle as lOO piece 
arbitration and measuring an aspect ratio, it was 2.0 and the magnitude Lc (002) of 0.336nm and 
microcry stal of the distance d between layers of the crystal by the X-ray wide angle diffraction of a 
graphite particle (002) was lOOnm or more. Furthermore, according to the scanning electron 
microscope (SEM) photograph of the obtained graphite particle, this graphite particle was having 
structure gathered or combined so that a flat- like particle might become un parallel [ two or more 
orientation side ]. A sample is called for the graphite particle produced as mentioned above below. 
[0039] (2) The needle coke powder 100 weight section of 20 micrometers of mean diameters, the 
tar pitch 10 weight section, and the coal tar 20 weight section were mixed at 230 *C for 1 hour. 
Subsequently, after calcinating this mixture at 1000 among nitrogen, it ground and powder 
with a mean particle diameter of 38 micrometers was produced. After graphitizing this powder at 
3000 using the Atchison furnace further, through and a graphite particle were obtained for 
the screen of 200 meshes of openings. As a result of selecting the obtained graphite particle as 
100-piece arbitration and measuring an aspect ratio, it was 2.5 and the magnitude Lc (002) of 
0.336nm and microcry stal of the distance d between layers of the crystal by the X-ray wide angle 
diffraction of a graphite particle of a graphite particle (002) was lOOnm or more. Furthermore, 
according to the scanning electron microscope (SEM) photograph of the obtained graphite particle, 
this graphite particle was having structure gathered or combined so that a flat-like particle might 
become un-parallel [ two or more orientation side ]. B sample is called for the graphite particle 
produced as mentioned above below. 

[0040] (Measurement of the discharge capacity of a graphite particle) To 90 % of the weight of 
graphite particles, the polyvinylidene fluoride (PVDF) dissolved in the N-methyl-2 pyrrolidone 
was added 10% of the weight, was kneaded by solid content, and the graphite paste was produced. 
This graphite paste was applied to rolling copper foil with a thickness of 10 micrometers, and was 
dried further, and it considered as the negative electrode. 

[0041] Constant current charge and discharge according the produced sample electrode to 3 
terminal method were performed, and evaluation as a negative electrode for lithium secondary 
batteries was performed. Drawing 2 is the schematic diagram of the lithium secondary battery 
used for the experiment. The solution which dissolved LiPFe so that it might become with the 
concentration of one mol/1. at the mixed solvent of ethylene carbonate (EC) and dimethyl 
carbonate (DMC) (EC:DMC=1-1 (volume ratio)) was put into the glass cell 1 as the electrolytic 
solution 2, the laminating of a sample electrode 3, a separator 4, and the counter electrode 5 was 
carried out, they have been arranged, and the reference electrode 6 was further hung from the 
upper part. The metal lithium was used for the counter electrode 5 and the reference electrode 6, 
and the polyethylene micropore fQm was used for the separator 4. By the constant current of 0.5 
mA/cm2, it charged to 5mV (V vs Li/Li+) and the trial which discharges to IV (V vs Li/Li+) was 
performed. The obtained result is shown in Table 1. 
[0042] 
[Table l] 
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The A sample 90 weight section and the B sample 10 weight section are mixed to homogeneity. 
(Production of a negative electrode) Subsequently, this mixed graphite and PVDF as a binder are 
mixed by the ratio of the weight ratio 90-10. both sides of the copper foil (10 micrometers in 
thickness) as a negative -electrode charge collector after making a solvent 
(N-methyl-2-pyrrolidone) distribute this and considering as a slurry -■ a doctor blade method 
applying desiccation subsequently, with the roller press, pressing of the electrode was carried 
out and it considered as the negative electrode. It started by width of face of 40mm in the 
magnitude whose die length is 290mm, and the negative electrode 8 was produced, this negative 
electrode - a positive electrode the same -- a negative electrode with a die length [ of both ends ] 
of 10mm - the negative electrode tab 11 was stuck to one side of the part to which the mixture is 
not applied by pressure by ultrasonic jointing. 

[0043] (Preparation of the electrolytic solution) LiPFe [ 1 mol fl ] was dissolved in volume mixed 
solvents, such as ethylene carbonate and dimethyl carbonate,., and the electrolytic solution was 
prepared. 

[0044] (Production of a cell) After carrying out the laminating of the separator 9 which consists of 
said positive electrode 7 and a porosity film made from polyethylene (thickness of 25 micrometers, 
width of face of 44mm), and said negative electrode 8 in this sequence, respectively, it woimd 
around the curled form and the electrode group was produced so that said negative electrode 
might be located outside. This electrode group was contained with the cell can 13 made from 
stainless steel, respectively, can bottom welding of the negative -electrode tab 11 was carried out, 
and the converging section for closing the positive -electrode lid 12 was formed. Then, after 
pouring said electrolytic solution into the cell can 13, the positive -electrode tab 10 was welded to 
the positive -electrode lid 12, and the cylindrical lithium secondary battery was assembled for the 
positive -electrode lid 12 in total. 

[0045] The cylindrical lithium secondary battery was assembled like the example 1 except having 
made the compounding ratio of A sample in example 2 negative electrode production, and B 
sample into 80 weight sections and 20 weight sections, respectively. 

[0046] The cylindrical lithium secondary battery was assembled like the example 1 except having 
made the compounding ratio of A sample in example 3 negative-electrode production, and B 
sample into 70 weight sections and 30 weight sections, respectively. 

[0047] The cylindrical lithium secondary battery was assembled like the example 1 except having 
made the compounding ratio of A sample in example 4 negative -electrode production, and B 



sample into 60 weight sections and 40 weight sections, respectively. 

[00481 The cylindrical lithium secondary battery was assembled like the example 1 except having 
made the compounding ratio of A sample in example 5 negative electrode production, and B 
sample into 50 weight sections and 50 weight sections, respectively. 

[0049] The cylindrical lithium secondary battery was assembled like tJie example 1 except having 
made the compoxmding ratio of A sample in example of comparison 1 negative-electrode 
production, and B sample into tJie 100 weight sections and 0 weight section, respectively. 
[0050] The cylindrical lithium secondary battery was assembled like the example 1 except having 
made the compounding ratio of A sample in example of comparison 2 negative electrode 
production, and B sample into 0 weight section and the 100 weight sections, respectively. 
[0051] Instead of A sample, using the scale-like artificial-graphite powder which is 20 
micrometers, mean particle diameter made the compounding ratio this artificial-graphite powder 
70 weight section and the B sample 30 weight section, and produced the cylindrical lithium 
secondary battery like the example 1 hereafter in example of comparison 3 negative -electrode 
production. The bulk specific gravity of this artificial-graphite powder was 0.24, and the discharge 
capacity and irreversible capacity which were measured independently were 340 mAh/g (the 
sample ratio for B: 101%), and 85 mAh/g, respectively. 

[0052] The needle coke powder 100 weight section of 20 micrometers of example of comparison 4 
mean diameters, the pitch 10 weight section, and the coal tar 20 weight section were mixed at 
230 for 1 hour. Subsequently, after grinding and fabricating this mixture, the Atchison 
furnace was used for baking and a pan at 1000 among nitrogen, and it graphitized at 3000 "C. 
The acquired graphite Plastic solid was pulverized and through and a graphite particle were 
obtained for the screen of 200 meshes of openings. The bulk density of the obtained graphite 
particle, mean particle diameter, specific surface area, d (002) and Lc (002), and an aspect ratio 
were 0.336nm, lOOnm or more, and 2.3, respectively. As a result of observing the obtained 
graphite particle with an electron microscope, the flat like particle was having massive structure 
combined [ which combined together and gathered ]. Moreover, the discharge capacity and 
irreversible capacity which were measured by independent [ of this graphite particle ] were 343 
mAh/g and 20 mAh/g, respectively. The negative electrode was produced as this graphite particle 
30 weight section and the A sample 70 weight section, and the cylindrical lithium secondary 
battery was hereafter produced like the example 1. 

[0053] After grinding an example of comparison 5 mesophase pitch in mean particle diameter of 
32 micrometers and carrying out oxidation treatment at 300 °C, it calcinated at 1000 °C among 
nitrogen. Subsequently, through and a graphite particle were obtained [ this powder ] for the 
screen of 200 meshes of openings after graphitization at 3000 °C using the Atchison furnace. The 
bulk density of the obtained graphite particle, mean particle diameter, specific surface area, d 
(002) and Lc (002), and an aspect ratio were 0.336nm, lOOnm or more, and 1.8, respectively. As a 
result of observing the obtained graphite particle with an electron microscope, massive particle 
shape was carried out. Moreover, the discharge capacity and irreversible capacity which were 
measured by independent [ of this graphite particle ] were 330 mAh/g and 18 mAh/g, respectively. 
The negative electrode was produced as this graphite particle 30 weight section and the A sample 
70 weight section, and the cylindrical lithium secondary battery was hereafter produced like the 
example 1. 

[0054] About the lithium secondary battery of the acquired examples 1-5 and the examples 1-5 of 
a comparison, the charge termination electrical potential difference was set to 4.15V, discharge 



final voltage was set to 2.8V; the charge and discharge current was changed in 200 to 800mA, and 
the discharge capacity at the time of rapid charge and discharge was measured. The result is 
shown in drawing 3 , using discharge capacity at the time of 200mA of charge and discharge 
currents of the example 1 of a comparison as 100%. Moreover, the charge-and-discharge cycle 
property of each cell was measured as 200mA of charge and discharge currents. The result is 
shown in drawing 4 , using discharge capacity at the time of one cycle of the example 1 of a 
comparison as 100%. 

[0055] The rapid charge-and-discharge property of an example is good as compared with the 
example of a comparison, and is understood that there are very few falls of discharge capacity also 
in a big charge and discharge current so that more clearly than drawing 3 . Moreover, even if the 
cycle property of an example is good as compared with the example of a comparison and it passes 
through the high number of cycles, it turns out that a big discharge capacity is maintainable, so 
that more clearly than drawing 4 . 
[0056] 

[Effect of the Invention] As explained above, according to this invention, there are many occlusion 
and burst sizes of the lithium at the time of performing charge and discharge by the high charge 
and discharge current especially, and charge-and-discharge capacity is large, and the fall of the 
charge-and-discharge capacity by the charge-and-discharge cycle can obtain few lithium 
secondary batteries. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] some cylindrical lithium secondary batteries it is a cross-section front view. 
[Drawing 2] It is the schematic diagram of the Lithium secondary battery used for the experiment. 
[Drawing 3] It is the graph which shows the relation of the charge and discharge current and 
discharge capacity in the rapid charge and discharge test of the lithium secondary battery of 
examples 1-5 and the examples 1-5 of a comparison. 

[Drawing 4] It is the graph which shows the relation of the number of cycles and discharge 
capacity in the cycle trial of tiie lithium secondary battery of examples 1-5 and the examples 1-5 of 
a comparison. 

[Description of Notations] 
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2 Electrolytic Solution 

3 Sample Electrode 
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5 Counter Electrode 

6 Reference Electorode 
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9 Separator 

10 Positive Electrode Tab 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



